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(54) Method and apparatus for tracking error detection in optical disk driver 



(57) A improved method and apparatus for tracking 
error detection capable of enhancing accuracy in a 
tracking error detection with introduction of a phase 
locked loop (PLL) into a conventional differential phase 
detection tracking en-or (DPD TE) method are 
described. The tracking error detecting apparatus for 
producing a tacking error signal as a difference signal of 
optical detection signals genei'ated from more than two 
optical detectons (302) positioned along a diagonal line 
from a track center includes binarizers (308) for binariz- 
ing each of outputs of tiie optical detectors (302). PLLs 
(310) for generating dock signal synchronized with 



each of the output of the binarizers (308). a phase differ- 
ence detector (312) for detecting a phase difference 
between the synchronized signals output from the PLIjs 
(31 0). and low-pass filters (314) for filtering the output of 
the phase difference detector to output the result as the 
tracking enror signal. The tracking error detecting appa- 
ratus is capable of generating a tracking error signal 
which is not dependent on the lengths of pits or marks 
recorded on an optical disky-so that-the-reliability-of-a 
tracking error signal can be enhanced. 
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Description 

[0001] The present invention relates to a method 
and apparatus for tracking error detection and more par- 
ticularty, to an improved method and apparatus for 5 
tracking error detection in which a phase locked loop 
(PLL) is introduced into a conventional differential 
phase detection tracking error (DPD TE) method to 
increase the accuracy of tracking error detection. 
[0002] In a conventional DPD TE method, phase io 
differences are generated on the edges of pits or marks 
of an optical disk. The length of pits or marks recorded 
on an optical disk lies in various ranges. For example, in 
the case of digital versatile disk-ROM (DVD-ROM), a 
length ranges from 3T to 1 4T where T Is the duration of is 
a channel clock of the disk. If there are a lot of pits or 
marks having a short length, phase difference detection 
can be performed many times, thereby enhancing the 
reliability of a tracking error signal derived therefrom. 
Conversely, if there are rriore pits or marks having a 20 
long length, the number of times phase difference 
detection may be done is reduced, thereby degrading 
the reliability of a tracking error signal. Further, a spec- 
trum component, according to a modulation method of 
signal recorded on a disk, is closely related to outputs of 25 
AC+ and BD+, and a low-frequency component of the 
spectrum acts on noise with regard to a tracking error 
signal which is used for following and determining the 
position of a tracking center. 

[0003] According to a conventional DPD TE 30 
method, phase difference detection is supposed to be 
made from pits or marks at one time, so that the gain 
and characteristics of a detected signal deteriorate if the 
signal of pits or marks is adversely affected by defects 
or the like. In addition, as the track density of an optical 35 
disk increases, the magnitude and gain of a tracking 
error signal according to the conventional DPD TE 
method decrease. Thus, the conventional DPD TE 
method has a disadvantage in that it is difficult to pre- 
cisely control tracking in a high- density track structure. 40 
[0004] With a view to soh/e or reduce the above 
problems, it is an aim of embodiments of the present 
invention to provide a method of improving the accuracy 
of a tracking error detection with the introduction of a 
phase locked loop (PLL) into a conventional differential 45 
phase detection tracking error (DPD TE) method. 
[0005] It is another aim of embodiments of the 
present invention to provide an apparatus using the 
above method. 

[0006] According to a first aspect of the present so 
invention, there is provided a tracking error detecting 
method for producing a tracking error signal as a differ- 
ence signal of optical detection signals generated from 
more than two optical detectors positioned along a diag- 
onal line from a track center, the method comprising the 55 
steps of: binarization for binarizing each of the outputs 
of the optical detectors; phase locking for generating 
clock signals synchronized with each of the outputs 



obtained by the binarizafion; phase difference detection 
for T^etecting a phase difference between the synchro- 
niz : dock signals output from the phase locking; and 
lov. ass filtering for filtering the output of the phase dif- 
ference detection to output the result as the tracking 
error signal. 

[0007] According to a second aspect of the inven- 
tion, t here is provided a tracking error detecting appara- 
tus for producing a tracking error signal as a difference 
signal of optical detection signals generated from more 
than two optical detectors positioned along a diagonal 
line from a track center, the apparatus comprising: bina- 
rizers for binarizing each of the outputs of the optk;al 
detectors; phase locked loops for generating clock sig- 
nals synchronized with each of the outputs of the bina- 
rizers; a phase difference detector for detecting a phase 
difference between the synchronized clock signals. out- 
put from the phase locked loops; and a low-pass filter 
for filtering the output of the phase difference detector to 
output the result as the tracking error signal. 
[0008] The apparatus preferably comprises equaliz- 
ers for reinforcing the high-frequency components of the 
outputs of the optical detectors to output the result to the 
binarizers. 

[0009] Preferably, the equalizers remove low-fre- 
quency components of a spectrum from the outputs of 
the optk:al detectors, according to a recording modula- 
tion method. 

[0010] Preferably, a clock signal provided to the 
phase locked loops is a channel clock signal. 
[0011] The tracking enror detecting apparatus may 
further comprise a frequency divider for dividing the fre- 
quency of the channel dock signal by n (n=2,3.4,...) to 
output the result to the phase locked loops when the 
phase of an output signal is inverted. 
[0012] The phase difference detector may generate 
a first phase difference signal indk:ating that a first syn- 
chronized clock signal output from the phase locked 
loops leads a second synchronized clock signal output 
from the phase locked loops, and a second phase differ- 
ence signal indfcating that the second synchronized 
clock signal leads the first synchronized clock signal, 
and wherein the low-pass include first and second low- 
pass fitters for filtering the first and second phase differ- 
ence signals, respectively. 

[0013] The tracking error detecting apparatus ms^ 
further comprise a differential amplifier for generating a 
tracking error signal corresponding to a difference sig- 
nal of the outputs of the first and second low-pass filters. 
[001 4] According to another aspect of the invention, 
there is provided a tracking error detecting apparatus for 
produdng a tracking enror signal as a diffeisence signal 
of optical detection signals generated from two optcal 
detectors disposed at the outside of the track center of 
a three-section optical detection unit, the apparatus 
comprising: for binarizing each of the outputs of the two 
optical detectors; a phase difference detector for detect- 
ing a phase difference between the outputs of the bina- 
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rizers; and a low-pass filter for filtering the output of the 
phase difference detector to output the result as the 
tracking error signal. 

[0015] The tracking error detecting apparatus may 
further comprise phase locked loops coupled to the s 
binarizers and the phase difference detector, which are 
for generating clock signals synchronized with each of 
the outputs of the binarizers to output the synchronized 
signals to the phase difference detector, wherein the 
phase difference detector detects a phase difference io 
between the synchronized signals output from the 
phase locked loops. 

[0016] For a better understanding of the invention, 
and to show how embodiments of the same may be car- 
ried into effect, reference will now be made, by way of is 
example, to the accompanying diagrammatic drawings 
in whk^h: 

Figure 1 is a block diagram of a tracking error 
detecting apparatus according to a conventional dif- 20 
ferential phase detection tracking error <DPD TE) 
method; 

Figure 2 Is a wave form diagram showing the oper- 
ation of the apparatus shown in Figure 1 ; 25 

Figure 3 is a block diagram of a first preferred 
embodiment of a tracking error detecting apparatus 
according to the present invention; 

30 

Figure 4 is a wave form diagram showing the oper- 
ation of the apparatus shown in Figure 3; 

Rgure 5 is a block diagram of a second preferred 
embodiment of a tracking error detecting apparatus 35 
according to the present invention; 

Rgure 6 is a block diagram of a third prefen-ed 
embodiment of a tracking error detecting apparatus 
according to the present invention; 40 

Figure 7 is a block diagram of a fourth preferred 
embodiment of a tracking error detecting apparatus 
according to the present invention; 

45 

Figure 8 is a graph of gain versus frequency for the 
equalizers shown in Figure 3 and 5-7; 

Figure 9 is a graph showing the result of comparing 
a tracking enror signal generated by a tracking error so 
detecting apparatus according to embodiments of 
the present invention, with a tracking signal gener- 
ated by a conventional DPD TE method; and 

Rgure 1 0. is a graph showing the characteristc of 55 
gain of tracking error signals generated by a track- 
ing error detecting apparatus according to the 
present invention and a conventional DPD TE 



method. 

[0017] Referring to Figure 1 which shows the con- 
figuration of a tracking en-or detecting apparatus 
according to a conventional differential phase detection 
tracking error (DPD TE) method. The apparatus shown 
in Rgure 1 includes a four-section optbal detection unit 
102, a matrix circuit 104, high-pass filters (HPFs) 106a 
and 106b, comparators 108a and 108b, a phase com- 
parator 110, and a low-pass filter (LPF) 112. The appa- 
ratus detects a phase difference between the signals 
output from the four-section optical detection unit 102 to 
determine the position of a laser spot. If the laser spot 
deviates from a track center, then it results in a time 
delay or a phase difference between A+C and B+O sig- 
nals. Thus, a tracking error signal is generated by 
detecting the time delay between those signals. 
[0018] Specifrcally, the matrix circuit 1 04 for adding 
optical detection signals A and B, and C and D, which 
are portioned along a diagonal line among the outputs 
(A, B. C and D) of the four-section optk^al detection unit 
102, turns the outputs AC1 and BDl into A-hC and B+D, 
respectively. The HPFs 106a and 106b for reinforcing 
the high-frequency components of AC1 and BD 1 pro- 
vided from the matrix circuit 104 differentiate AC 1 and 
BD 1 , and output the results, i.e., AC2 and 6D2 to the 
comparators 108a and 108b. The comparators 108*a 
and 108b for binarizing each of AC2 and BD2 provided 
from the HPFs 106a and 106b, compare AC2 and BD2 
with a predetermined level (a ground level in Figure 1 ) to 
output the results, i.e., AC3 and BD3 to the phase com- 
parator 110. 

[0019] The phase comparator 110 for detecting a 
phase difference between AC3 and B03 provided from 
the comparators 108a and 108b compares the phases 
of ACS and BD3 to output the results, i.e.. AC-h and BD-i- 
to the LPF 1 12. In this case, AC+ is a phase difference 
signal generated when AC3 leads BD3 in phase, while 
BD+ is a phase difference signal generated when 6D3 
leads AC3 in phase. The LPF 112 for filtering AC-i- and 
BD+ input from the phase comparator 110 outputs the 
result as a tracking ^nror signal. 

[0020] Figure ^ is a wave form diagram illustrating 
operation of the apparatus shown in Figure 1. In Figure 
2, showing the case in which ACS leads BD3 in phase, 
the wave forms of ACS, BD3, AC+ and BD-i- signals are 
illustrated sequentially from the top. As shown in Figure 
2, It can be found that if a laser spot deviates by a pre- 
determined amount there exists a phase difference 
between ACS and BDS whk:h is in turn reflected into 
AC+ and BD+. If ACS leads BDS in phase, a tracking 
error signal is greater than a predetermir^ed central 
value, but in the opposite case, it is less than the prede- 
tenmined centra! value. The degree to which a tracking 
en^or signal deviates from the central valuecorresponds 
to the distance by which the laser spot is departed from 
the track center. 

[0021 ] The phase comparator 1 1 0 of tiie apparatus 
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shown in Rgure 1 detects a phase difference at a rising 
or falling edge of ACS and BD3. The rising or falling 
edges of AC3 and BD3 correspond to the edges of pits 
or nnarks recorded on an optical disk. In other words, the 
apparatus shown in Figure 1 detects a phase difference 
once on every edge of pits and marks recorded on an 
optical disk. Thus, as the number of pits or marks 
increases, the reliability of a tracking error signal 
increases, and as the number of pits or marks 
decreases, the reliability of the signal decreases. If pits 
or marks are affected by defects of an optical disk or 
other factors, the gain and characteristics of a tracking 
error signal become worse. A spectrum component 
according to a recording modulation method is closely 
connected with AC+ and BD-i-, and especially a low-fre- 
quency component of the spectrum works on noise with 
regard to a tracking enror signal. Further, in the case of 
a tracking error signal according to the DPD TE method, 
the magnitude and gain are reduced as track density is 
increased, which makes the accurate control of tracking 
in a high track- density structure difficult. 
[0022] In order to improve such drawbacks, a track- 
ing error detecting method according to the present 
invention involves generating clock signals synchro- 
nized with each of the binarized signals AC+ and BD-»-. 
to detect a phase difference between those clock sig- 
nals. In this case, all pulses in the synchronized clock 
signals have the phase difference components of AC+ 
and BD+, so that a tracking error signal can be gener- 
ated regardless of the lengths of pits or marks recorded 
on a disk. 

[0023] Specifically, at the outset, outputs of optical 
detectors whk:h are disposed along a diagonal line from 
a track center are each binarized. Secondly, clock sig- 
nals synchronized with each of the outputs obtained 
from the binarization are generated by PLL circuits. 
When a laser spot deviates from a track center, the out- 
puts AC+ and BD-i- obtained from the binarization have 
a phase difference corresponding to the deviation 
degree of the laser spot with regard to the track center, 
and the clocks which are phase locked to the outputs 
have the same phase difference. Thirdly, a phase differ- 
ence between the synchronized clock signals output in 
the phase locking is detected. All clocks in the synchro- 
nized clock signals have the phase difference compo- 
nents of AC+ and BD-i-. so that a phase difference 
component is detected on a clock-by-clock basis. Lastly, 
the output from the phase difference detection is filtered 
by an LPF to obtain a tracking error signal. 
[0024] Rgure 3 is a block diagram showing a first 
preferred embodiment of a tracking error detecting 
apparatus according to the present invention. The appa- 
ratus shown in Rgure 3 includes a four-section optical 
detection unit 302, a matrix circuit 304, equalizers (EQs) 
306a and 306b, binarizers 308a and 308b. PLLs 310a 
and 310b, a phase comparator 312, LPFs 314a and 
314b, a differential amplifier 316, and a frequency 
divider 318. 



[0025] The matrix circuit 304 for adding optical 
detection signals A and C, and B and D among the out- 
puts A, B, C and O of the four-section optk:al detection 
unit 302, turns the outputs AC1 and BD1 into A+C and 

5 &I-D, respectively. That is, the matrix circuit 304 pro- 
duces summation signals of the signals generated by 
optical detectors which are positioned along a diagonal 
line from a track center. The EQs 306 a and 306b for 
strengthening the high-frequency components of AC1 

10 and BD1 provided from the matrix circuit 304 and 
removing noise therefrom, differentiate AC1 and BD1 
and remove noise therefrom to output the results AC2 
. and BD2 to the binarizers 308a and 308b. In other 
words, since the outputs A, B, C and D of the four-sec- 
ts tion optical detection unit 302 have weak high-fre- 
quency components, the high-frequency components of 
AC1 and BD1 provided from the matrix circuit 304 are 
reinforced through the €Qs 306a and 306b. Further, as 
the outputs A, B, C and D of the four-section optical 

20 detection unit 302 contain a noise component in addi- 
tion to signals reflected from an optical disk. EQs 306a 
and 306b eliminate the noise component in AC1 and 
B01 provided from the matrix circuit 304. 
[0026] The binarizers 308a and 308b for converting 

25 AC2 and BD2 provided from EQS 306a and 306b into 
binary digital signals binarize AC2 and 6D2 to output 
the results AC3 and BD3 to the PLLs 310a and 310b. 
Through the binarizers 308a and 308b, binarization 
level compensation for AC2 and BD2 provided from the 

30 EQS 306a and 306b can be performed. The PLLs 31 Oa 
and 31 Ob for generating clock signals <CLKs) synchro- 
nized vwth AC3 and BD3 which are provided from the 
binarizers 308a and 308b accept the input signals CLK, 
AC3 and BD3 and output CLK_AC and CLK_BD, ^yn- 

35 chronized with AC3 and BD3, to the phase comparator 
312. The phase comparator 312 for detecting a phase 
difference between CLK.AC and CLK_BD, provided 
from the PLLs 310a and 31 Ob, compares the phases of 
CLK_AC and CLK_BD to output the results AC+ and 

40 BD+ to LPFs 314a and 314b, respectively. In this case, 
AC+ and BD+ are phase difference signals generated 
when CLK_AC leads CLK_BD in phase and when 
CLK_BD leads CLK_AC in phase, respectively. 
[0027] The LPFs 314a and 314b filter AOi- andeO+ 

45 provided from the phase comparator 312 to output the 
results to the differential amplifier 31 6. The differential 
amplifier 316 amplifies the difference signal of AC-i- and 
BD-i- filtered by the LPFS 314a and 314b to output the 
result as a tracking error signal (TE). 

50 [0028] Figure 4 is a wave form diagram showing the 
operation of the apparatus shown in Figure 3. In Rgure 
4 showing the case in which AC3 leads BD3 in phase, 
the wave forms of AC3. BD3. CLK^AC, CLK_BD. AC+. 
and BD+ signals are illustrated sequentially from the 

55 top. As shown in Figure 4, it can be found that if a laser 
spot deviates from a track center by a predetermined 
amount, a phase difference existing between AC3 and 
BOS is transferred to CLK.AC and CLK.BO, doubling 
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by a CLK frequency. Figure 4 indicates that CLK_AC 
and CLK_BD synchronized with AC3 and BD3 respec- 
tiveiy are generated and a phase difference At created 
between AC3 and BD3 is transferred to the outputs 
CLK_AC and CLK_BD of the PLLs 310a and 310b. 
Thus, the phase difference value At can be derived as a 
result of comparing the phases of CLK_AC and 
CLK_BD. 

[0029] The conventional apparatus detects the 
phase difference At once in an interval tl, while the 
apparatus according to embodiments of the present 
invention can detect the phase difference At once every 
CLK cyde. When a channel clock is used as CLK, the 
phase difference At can be detected once every channel 
clocl< cycle T regardless of the lengths of pits or marks 
recorded on an optical disk. The frequency divider 318 
frequency divides CLK at an interval where inversion of 
the output signal takes place, to output the result to the 
PLLs 310a and 310b. In the apparatus of Figure 3, a 
tracking servo control becomes unstable at the interval 
where inversion of the output signal happens. This is 
because inversion of the output signals causes devia- 
tion from the extent of phase difference detection by the 
PLLs 310a and 310b. Thus, in order to compensate for 
the deviation, the frequency of CLK is divided at the 
interval where inversion of the output signal occurs and 
the result is provided to the PLLs 310a and 31 Ob. 
[0030] Figure 5 is a block diagram showing a sec- 
ond embodiment of a tracking error detecting apparatus 
according to the present invention. The apparatus 
shown in Figure 5 includes a four-section optteal detec- 
tion unit 502, EQs 506a-506d, binarizers 508a-508d, 
PLLs 510a-510d, phase comparators 512a and 512b, 
LPFs 514a-514d. differential amplifiers 516a and 516b, 
and an adder 518. Since outputs A, B, C and O of the 
four-section optical detection unit 302 have weak high- 
frequency components, the high-frequency component 
of A, B. C and D provided from the four-section optical 
detection unit 502 is reinforced through the €Qs 506a- 
506d. Further, as the outputs A. B, C and D of the four- 
section optical detection unit 302 contain noise in addi- 
tion to signals reflected from an optical disk, EQs 506a- 
506d eliminate the noise components of A, B, C and D 
provided from the four-section optical detection unit 
502. 

[0031] The binarizers 508a-608d for converting sig- 
nals provided from EQs 506a-506b into binary digital 
signals binarize those signals to output the results to the 
PLLs 510a-510d. The PLLs 510a-510d for generating 
CLKs synchronized with the signals which are provided 
from the binarizers 508a-508d receive as input CLK and 
the signals provided from the binarizers 508a-508d to 
output CLKs synchronized with each of the signals pro- 
vided from the binarizers 508a-508d to the phase conr>- 
parators 512a and 512b. The phase comparators 512a 
and 512b are for detecting phase differences between 
CLK_A and CLK_B and between CLK_C and CLK^D 
provided from the PLLs 510a-51 Od. The phase compa- 



rator 512a compares the phases ofOLK_A andCLK_B 
to output the results A-i- and 8+ to the LPFs 514a and 
514b, respectively, while the phase comparator 512b 
compares the phases of CLK_C and CLK_D to output 

5 the results C+ and D+ to the LPFs 514c and 51 4d, 
respectively. In this case, A+ and B+ are phase differ- 
ence signals generated when CLK_A leads CLK_B in 
phase and when CIJ<_B leadsCLK_A in phase, respec- 
tively. Further, C+ and D+ are phase difference signals 

10 generated when CLK_C leads CLK_D in phase and 
when CLK_D leads CLK_C in phase, respectively. 
[0032] The LPFs 514a-614d filter A+, B-k. C+ and 
D+ provided from the phase comparators 512a and 
512b to output the results to the differential amplifiers 

15 516a and 516b. The differential amplifiers 516a and 
516b amplify the difference signals of A+ and B+, and 
C+ and D+ filtered by the LPFs 614a to 51 4d to output 
the results to the adder 618. The adder for adding sig- 
nals provided from the differential annprrfiers 51€a and 

20 516b adds those signals to output the result as T£. 

[0033] Figure 6 is a block diagram showing a third 
preferred embodiment of a tracking enror detecting 
apparatus according to the present invention, in whrch 
TE is produced using outputs of a three-section optical 

25 detection unit. The apparatus shown in Figure 6 
includes a three-section optical detection unit 602, EQs 
606a and 606b, binarizers 608a and 608b, PLLs 610a 
and 610b, a phase comparator 612, LPFs 614a and 
614b, and a differential amplifier 616. 

30 [0034] The EQs 606 a and 606b for strengthening 
the high-frequency components of signals E and <a pro- 
vided from optical detectors disposed at the outside of 
the three-section optteal detection unit 602 and remov- 
ing noise therefrom, differentiate E and G and remove 

35 noise therefrom to output the results to the binarizers 
608a and 608b. The binarizers 608a and 608b for con- 
verting the signals provided from EQs 606a and 606b 
into binary digital signals binarize those signals to out- 
put the results €3 and G3 to the PLLs 610a and 610b. 

40 The PLLs 61 Oa and 61 Ob fpr.generating CLKs synchro- 
nized with the signals whfch are provided from the bina- 
rizers 608a and 608b receive as input CLK, £3 and<33 
to output CLK_E and CLK_G synchronized with E3 and 
G3 to the phase comparator 612. The phase compara- 

45 tor 61 2 for detecting a phase difference between CLK.E 
and CLK_G provided from the PLLs 610a and 610b, 
compares the phases of CLK_E and CLK_G and out- 
puts the results €+ and G-i- to the LPFs 614a and 61 4b. 
respectively. In this case, E-i> and G-i- are phase d'lffer- 

50 ence signals generated when CLK^E leads CLK_G in 
phase and when CLKjG leads CLK_E in phase, 
respectively. 

[0035] The LPFs 614a and 614b filter and G+ 
provided from the phase comparator 61 2 to output the 
55 results to the differential amplifier 61 6. The differential 
amplifier 616 amplifies the difference signal of E+ and 
G+ filtered by the LPFs 614a and 614b to output the 
result as TE. 
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[0036] Figure 7 is a block diagram showing a fourth 
preferred embodiment of a tracking error detecting 
apparatus according to the present invention in which 
TE Is produced using the output of a three-section opti- 
cal detection unit The apparatus shown in Figure 7 5 
includes a three-section optical detection unit 702. EQs 
706a and 706b, binarizers 708a and 708b, a phase 
comparator 71 2, LPFs 71 4a and 71 4b, and a differential 
amplifier 71 6. 

[0037] The EQS 706a and 7p6b for strengthening 10 
the high-frequency components of signals E and G pro- 
vided from optical detectors disposed at the outside of 
the three-section optical detection unit 702 and remov- 
ing noise therefrom, differentiate E and G and remove 
noise therefrom to output the results to the binarizers 15 
708a and 708b. The binarizers 708a and 708b for con- 
verting the signals provided from EQs 706a and 706b 
into binary digital signals binarize those signals to out- 
put the results E3 G3 to the phase comparator 712. The 
phase comparator 712 for detecting a phase difference 20 
between E3 and G3 provided from the EQs 706a and 
706b, compares the phases of E3 and G3 to output the 
results E+ and G+ to the LPFs 614a and 614b, respec- 
tively. In this case, E+ and G+ are phase difference sig- 
nals generated when E3 leads G3 In phase and when 25 
G3 leads E3 in phase, respectively^ 
[0038] The LPFs 714a and 714b filter E+ and G-»- 
provkJed from the phase comparator 712 to output the 
results to the differential amplifier 71 6. The differential 
amplifier 716 amplifies the difference signal of E+ and 30 
G+ filtered by the LPFs 714a and 714b to output the 
result as TE. 

[0039] Figure 8 is a graph showing operation of the 
EQs of Figure 3 and 5-7, in which the vertical axis and 
the horizontal axis indicate gain and frequency, respec- 35 
tively. The EQs having the properties as shown in Fig- 
ure 8 perform the function of controlling their properties 
so that an Input signal can be portioned between a first 
frequency f1 and a second frequency f2 to amplify the 
high-frequency component which is close to the second . 40 
frequency f2. 

[0040] Figure 9 is a graph showing the result of 
comparing a tracking error signal generated by a track- 
ing error detecting apparatus according to the present 
invention with a tracking signal generated by a conve.n- 45 
tional DPO TE method. In Rgure 9, reference numerals 
91 and 92 respectively represent tracking error signals 
generated by a conventional DPD TE method and a 
tracking error detecting apparatus according to the 
present Invention, and it can be seen that the gain of the so 
latter is greater than that of the former. Further, an inter- 
val 93 indicates the section where inversion of output 
signal occurs so that a phase difference will exceed the 
detection limit if the phase difference is detected using 
the CLKs generated from the PLLs as in the present ss 
invention. If this is the case, the frequency of the PLL 
CLK can be divided by n (n=2,3,4,.„) and the result is 
output to a phase difference detector, which increases 



the detection extent so that intervals such as 93 will not 
exist. 

[0041] 1=^igure 10 is a graph showing the character- 
istk: of gain of tracking error signals generated by a 
tracking error detecting apparatus according to the 
present invention and a conventional DPD TE method. 
In Figure 10, reference numerals 94 and 95 respectively 
indk:ate the gains of tracking error signals generated by 
the conventional DPD TE method and the tracking error 
detecting apparatus according to the present invention. 
If both are measured under the same conditions, it can 
be seen that the gain of a tracking error signal gener- 
ated In the apparatus according to the present invention 
is about 1 0 times greater than the gain of the other An 
interval 96 is the section where an optical pickup jumps 
on an adjacent track in a normal tracking state. While 
the interval 96 cannot k>e shown clearly in a tracking 
error signal generated by the conventional DPD TE 
method, it is output as a large value in a tracking error 
signal generated by the present invention. 
[0042] As described in the foregoing, a tracking 
error detecting apparatus according to the present 
invention iscapable of generating a tracking error signal 
which does not vary depending on the lengths of pits 
and marks recorded on a optical disk, so that reliability 
of the tracking error signal can be enhanced. 
[0043] While this invention has been particularly 
shown and described with references to preferred 
embodiments thereof, it will be understood by those 
skilled in the art that various changes inform and details 
may be made therein without departing from the scope 
of the invention as defined in the appended -d aims. 
[0044] The reader's attention is directed to all 
papers and documents whk:h are filedconcun^ently with 
or previous to this specification in connection with this 
application and which are open to public inspection with 
this specification, and the contents of all such papers 
and documents are incorporated herein by reference. 
[0045] All of the features disclosed in this specifica- 
tion (including any accompanying claims, abstract and 
drawings), and/or all of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 
tures and/or steps are mutually exclusive. 
[0046] Sach feature disclosed in this specif k:ation 
(including any accompanying claims, abstract and 
drawings), may be replaced by alternative features 
serving the same, equivalent or similar purpose, unless 
expressly stated otherwise. Thus, unless expressly 
stated otherwise, each feature disclosed is one example 
only of a generic series of equivalent or similar features. 
[0047] The invention is not restricted to the details 
of the foregoing embod*iment<s). The invention extend to 
any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any 
method or process so disclosed. 
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Claims 



A tracking error detecting nnethod for producing a 
tracking error signal as a difference signal of optical 
detection signals generated from more than two 
optical detectors positioned along a diagonal line 
from a trBck center, the method comprising the 
steps of: 

binarization for binarizing each of the outputs of 
the optical detectors; 



3. 



10 



phase locking for generating clock signals syn- 
chronized with each of the outputs obtained by 
the binarization; is 

phase difference detection for detecting a 
phase difference between the synchronized 
clock signals output from the phase locking; 
and 20 

low-pass filtering for filtering the output of the 
phase difference detection to output the result 
as the tracking enror signal. 



A tracking error detecting apparatus for producing a 
tracking en-or signal as a difference signal of optical 
detection signals generated from more than two 
optical detectors positioned along a diagonal line 
from a track center, the apparatus comprising: 

binarizers (308a, 308b; 508a, 508b, 608c, 
508d; 608a. 608b) for binarizing each of the 
outputs of the optical detectors; 

phase locked loops {310a, 310b; 510a-d; 610a. 
610b) for generating dock signals synchro- 
nized with each of the outputs of the binarizers 
(308a. 308b; 508a, 508b, 508c, 508d; 608a. 
608b): 

a phase difference detector (312; 512a. 512b; 
612) for detecting a phase difference between 
the synchronized clock signals output from the 
phase locked loops (310a, 310b; 510a-d; 610a, 
610b) ; and 



25 



30 



35 8. 



40 



45 



a low-pass filter (314a, 314b; 514a-d; 614a. 
61 4b) for filtering the output of the phase differ- 
ence detector (312; 512a, 512b; 612) to output so 
the result as the tracking en-or signal. 

The tracking error detecting apparatus of claim 2. 
further comprising equalizers (306a, 306b; 506a-d; 
606a, 606b) for reinforcing the high-frequency com- ss 
ponents of the outputs of the optcal detectors to 
output the result to the binarizers (308a, 308b; 
508a-d; 608a, 606b). 



The tracking error detecting apparatus of claim 3, 
wherein the equalizers (306a. 306b; S06a-d; 606a, 
606b) remove low-fpequency components of a 
spectrum from the outputs of the optical detectors 
(302; ^02; 602), according to a rsecording modula- 
tion method. 

The tracking error detecting apparatus of claim 2. 3 
or 4, wherein a clock signal provided to the phase 
locked loops (310a, 31 Ob; 610a-d; 6l0a, €l0b) is a 
channel clock signal. 

The tracking error detecting apparatus any of 
claims 2 to 5, further comprising a frequency divider 
(318) for dividing the frequency of the channel clock 
signal by n (ns2,3.4,...) to output the result to the 
phase locked loops when the phase of an output 
signal is inverted. 

The tracking error detecting apparatus of any of 
claims 2 tee, wherein the phase difference detector 
(312; 512a, 512b; 612) generates a first phase dif- 
ference signal indicating that a first synchronized 
clock signal ou^ut from the phase locked loops 
leads a second synchronized clock signal output 
from the phase locked loops, and a second phase 
difference signal indicating that the second syn- 
chronized dock signal leads the first synchronized 
dock signal, and 

wherein the low-pass filters (314a. 314b; 
514a-d; 614a. 614b) include first and second low- 
pass filters for filtering the first and second phase 
difference signals, respectively. 

The tracking error detecting apparatus of any of 
daims 2 to 7, further comprising a differential ampli- 
fier (316; 516a. 516b, 618; 616) for generating a 
tracking enror signal conespondlng to a difference 
signal of the outputs of the first and second low- 
pass filters (314a, 314b;«14a,.614b)._ 

A tracking error detecting apparatus for producing a 
tracking error signal as a difference signal of optical 
detection signals generated from two optical detec- 
tors disposed at the outside of the track center of a 
three-section optical detection unit the apparatus 
comprising: 

binarizers (308a, 308b; 'S08a-d; -608a, 608b; 
708a, 708b) for binarizing -each of the outputs 
of the two optical detectors; 

a phase difference detector <31 2; 512a. 512b; 
612; 712) for detecting a phase difference 
between the outputs of the binarizers <308a, 
308b; 508a-d; 608a. 608b; 7a8a. 708b); and 

a low-pass filter •(314a. 314b; 614a-d; 614a, 
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61 4b; 71 4a, 71 4b) for filtering the output of the 
phase difference detector to output the result 
as the tracking enror signal. . 

10. The tracking error detecting apparatus of claim 9, s 
further comprising phase locked loops (31 Oa, 310b; 
510a-d; 610a, 610b) coupled to the binarizers 
(308a, 308b; 508a-d; 608a, 608b) and the phase 
difference detector (312; 5l2a, 512b; 612), which 
are for generating clock signals synchronized with io 
each of the outputs of the binarizers (308, 308b; 
508a-d; 608a, 608b) to output the synchronized sig- 
nals to the phase difference detector, (312; 5123a, 
512b; 612) 

wherein the phase difference detector (312; is 
512a, 512b; 612) detects a phase difference 
between the synchronized signals output from the 
phase locked loops (310a, 310b; 510a-d; 610a, 
610b). 
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